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Abstract
The Majorana Collaboration is constructing the MajoranaDemonstrat-
or, an ultra-low background, 40-kg modular high purity Ge detector array
to search for neutrinoless double-beta decay in 76Ge. In view of the next gen-
eration of tonne-scale Ge-based neutrinoless double-beta decay searches that
will probe the neutrino mass scale in the inverted-hierarchy region, a major
goal of the Demonstrator is to demonstrate a path forward to achieving
a background rate at or below 1 count/tonne/year in the 4 keV region of
interest around the Q-value at 2039 keV. The current status of the Demon-
strator is discussed, as are plans for its completion.
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1. The Majorana Demonstrator
The Majorana Demonstrator [1] is an array of enriched and natural
germanium detectors that will search for the neutrinoless double-beta (0νββ)
decay of 76Ge. The specific goals of the Majorana Demonstrator are:
• Demonstrate a path forward to achieving a background rate at or be-
low 1 cnt/(ROI-t-y) in the 4 keV region of interest (ROI) around the
2039 keV Qββ of the
76Ge 0νββ-decay.
• Show technical and engineering scalability toward a tonne-scale instru-
ment.
• Perform searches for other physics beyond the standard model, such as
dark matter and axions.
The Majorana Demonstrator will be composed of 40 kg of HPGe
detectors which also act as the source of 76Ge 0νββ-decay. The benefits of
HPGe detectors include intrinsically low-background source material, under-
stood enrichment chemistry, excellent energy resolution, and sophisticated
event reconstruction. P-type point contact detectors that allow powerful
background rejection were chosen after extensive R&D by the collaboration.
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The baseline plan calls for 30 kg of the detectors to be built from Ge material
enriched to 87% in isotope 76 and 10 kg fabricated from natGe (7.8% 76Ge).
Each detector has a mass of about 0.6-1.0 kg. The main technical challenge
is the reduction of environmental ionizing radiation backgrounds by about
a factor of 100 below what has been achieved in previous experiments. A
modular instrument composed of two cryostats built from ultra-pure elec-
troformed copper has been designed. Each module will host 7 strings of
detectors: each detector, with cylindrical shape, is housed in a frame re-
ferred to as a detector unit, and up to five detector units are stacked into a
string. The modules will be operated in a graded passive shield, which is sur-
rounded by a 4pi active muon veto. An schematic drawing of the Majorana
Demonstrator is shown in Figure 1 and an image of the low background
copper and lead shielding already installed in Figure 2. To mitigate the effect
of cosmic rays and prevent cosmogenic activation of detectors and materials,
the experiment is being deployed at 4850 ft depth (4260 m.w.e. overburden)
at the Sanford Underground Research Facility in Lead, SD.
Figure 1: Schematic drawing of the Majorana Demonstrator shown with both modules
installed.
2. Status of the Majorana Demonstrator
The Majorana Demonstrator follows a modular implementation to
be easily scalable to the next generation experiment. The modular ap-
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Figure 2: Low background copper and lead shielding of the Majorana Demonstrator
inside the anti-radon enclosure.
proach will allow the assembly and commissioning of each module indepen-
dently, providing a fast deployment with minimum interference on already-
operational detectors.
The first step is the Prototype Module, an initial prototype cryostat fab-
ricated from commercially produced copper. At the moment, it is taking
data with three strings of detectors produced from natural germanium (see
Figure 3) inside the shielding. It has served as a test bench for mechanical
designs, fabrication methods, and assembly procedures to be used for the
construction of the electroformed-copper Modules 1 & 2.
The second step is Module 1, the first module of enriched germanium
detectors that is being assembled. The strings (see Figure 4) are currently
being assembled and characterized in dedicated String Test Cryostats. Mod-
ule 1 is foreseen to begin the data taking in the beginning of 2015. The last
step will be Module 2, composed by enriched and natural Ge detectors. The
final assembly of Module 2 will begin once Module 1 is taking data although
the parts are already being produced.
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Figure 3: Prototype Cryostat during the strings installation.
3. Background considerations
The main challenge of the Majorana Demonstrator is achieving the
background goal: 3 cnts/(ROI-t-y) after analysis cuts that will project to a
background level of 1 cnt/(ROI-t-y) in a large scale experiment. A compre-
hensive model of expected backgrounds has been constructed [2], taking into
account: Natural radioactivity from detector materials; cosmogenic activa-
tion products; backgrounds from the environment or those introduced during
detector assembly; muon-induced backgrounds at depth; and the background
from atmospheric and other neutrinos. The estimated ROI contributions sum
to <4.1 cnts/(ROI-t-y) in the Majorana Demonstrator, and work is in
progress to get the final estimate.
One key advantage of HPGe detectors is their inherently excellent energy
resolution (<0.2% at Qββ) associated with the low threshold for electron-pair
production, leading to a narrow ROI (4 keV for monochromatic 0νββ events).
As 0νββ-decay produces a mono-energetic peak in the measured spectrum
at 2039 keV, improving the resolution reduces the continuum backgrounds
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Figure 4: One string composed by enriched Ge detectors of Module 1.
in the ROI, allowing for a better identification of lines in the spectrum,
and minimizing the contribution from leakage of the irreducible 2νββ-decay
spectrum into the ROI. The Majorana Demonstrator will also make
use of event signatures, such as detector coincidences and time correlations,
to reject events not attributable to 0νββ-decay. Particularly, the P-Type
Point Contact design of the Demonstrator’s germanium detectors allow
for significant reduction of background through pulse shape analysis.
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